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Abstract 
Waste cooking oil (WCO) is typically cheaper than diesel and has much less impact on food-chain, so its use as biodiesel can 
reduce the cost of diesel run operations. Air-conditioned fast food restaurants (FFR) in Bangladesh generate lot of WCO, but due
to frequent load shedding they also need to burn lot of diesel for captive power generation. Recycling part of the waste oils in the 
form of biodiesel can reduce the need of diesel fuel and increase profitability of the establishment. The techno-economic 
feasibility of such operation in case of a FFR in Dhaka has been investigated. CH3OH (methanol) and NaOH (sodium hydroxide) 
as base catalyst are mostly used in this process because of their lowest costs, higher reaction rates and higher yields. From the
WCO generation of about 80 lites per week, yield for biodiesel production is considered in the range of 80-90%. Single-stage 
transesterification (SST) process is the cheapest and the easiest of the different methods. The cost of chemicals can be further
minimized by recycling of CH3OH and NaOH in this SST process. The possible 35-40% CH3OH and 80-90% NaOH recoveries 
were considered for a alcohol to oil molar ratio of 5:1 of the reactants. It is found from the study that a small scale processing 
plant could be developed with reactant recovery units for producing biodiesel to supplement diesel fuel needed to run the 
generators. The monthly savings was equivalent to only 4% of the diesel cost for standby power, with a payback period of about 
one year. However this can increase up to 50% of the fuel cost and less than six months of payback period if the cost of dumping
WCO in considered. The study reveals that even in the case of a FFR where WCO is available at almost no cost, the processing 
cost for biodiesel does not make it very feasible unless the cost associated with properly dumping the WCO is high enough. 
© 2015 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the 6th BSMEInternational Conference on Thermal Engineering         
(ICTE 2014). 
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1. Introduction 
Straight vegetable oils (SVO) are not suitable to be used directly in diesel engines due to their high 
viscosity. The viscosity of SVOs can be minimized through transesterification reaction [1]. Biodiesel produced from 
edible oils have low free fatty acid, whereas biodiesel from non-edible oil sources have higher free fatty acid (FFA) 
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[2]. Since the retail price of biodiesel from vegetable oil is still higher than that of diesel, waste cooking oil (WCO) 
generated by - restaurants, fast food outlets, and food processing industries every day and everywhere around the 
world could be recycled to be a potential alternative raw material for biodiesel production [3]. In Bangladesh the 
situation is apparently very favourable in cases of Air-conditioned Fast Food Restaurants, where they have lot of 
waste cooking oil used from frying food materials and on the other hand due to the frequent load shedding they need 
to run their diesel backup generators for long hours with diesel fuel purchased. Making biodiesel from WCO and 
replacing part of the diesel feed using it may be a potential option for improving plant profit and energy security. 
Particularly elimination of dumping cost of the WCO and earnings from the biodiesel sediments may improve the 
situation further. This study evaluates such potential of a typical Air-Conditioned Fast Food Restaurant (FFR) of 
medium capacity at Dhaka. Various methods [4] are practiced for production of biodiesel from waste cooking oils 
(WCO) (i.e. waste vegetable oil after frying food items) through transesterification are alkali homogenous catalyst, 
alkali heterogeneous catalyst, acid homogenous, acid heterogeneous, enzyme. The most economically feasible 
method is to produce biodiesel from WCO through alkali homogeneous catalyzed transesterification [5]. In alkali 
homogeneous catalyzed transesterification method, comparisons are commonly made among sodium hydroxide 
(NaOH), potassium hydroxide (KOH), potassium methoxide (KOCH3), and sodium methoxide (NaOCH3). 
Potassium based catalysts (KOH and KOCH3) shows a higher biodiesel yield than sodium based catalysts (NaOH 
and NaOCH3) for longer reaction duration like 120 minutes [6]. For shorter reaction duration like 30 to 60 minutes, 
sodium based catalysts (NaOH and NaOCH3) achieved the better biodiesel yield than potassium based catalysts 
(KOH and KOCH3) [7]. Methanol is the most common alcohol used in transesterification, and the optimum 
methanol-to-oil molar ratio is 6:1 based on several studies on biodiesel production [8]. The optimized reaction 
temperature for transesterification reaction obtained by several biodiesel studies were similar, which is in the range 
of 60oC to 70oC [9]. In this study a techno-economic model would be developed with recovery units for minimizing 
the cost of the production of biodiesel (eg. B5), based on previous researches. If run successfully, the possible extra 
monthly savings, as a percentage of the current diesel cost for standby power is estimated in this study.
Nomenclature 
B100 Biodiesel only    B5  biodiesel with 5% volume of processed vegetable oil 
FFA free fatty acid   FFR fast food restaurant  
SVO straight vegetable oil  WCO waste cooking oil 
2. Biodiesel Production Mechanism 
2.1 Single Stage Transesterification (SST) Reaction                                        
Triglyceride      Methanol                    Methyl Esters      Glycerol  
        O                                                             O 
         ||                                                              ||  
CH2-O-C-R1                                           CH3-O-C-R1
|
|      O                                                             O                    CH2-OH 
|       ||                                                              ||                     |  
CH-O-C-R2   +  3 CH3OH                     CH3-O-C-R2      +  CH-OH  
|                                           (Catalyst)                                   |  
|       O                                                            O                    CH2-OH  
|        ||                                                             ||  
CH2ͲOͲCͲR3CH3ͲOͲCͲR3
Fig. 1. Single Stage Transesterification (SST) Reaction [10]. 
The major component of vegetable oil is triglycerides. In this reaction, triglycerides are converted to diglyceride, 
monoglyceride, and finally converted to glycerol. The reaction mechanism is shown in figure-1. R1, R2 and R3 
represent the fatty acids. Reacting one part WCO with three parts Methanol gives three parts Methyl Esters and one 
part Glycerol. 
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2.2 Operating parameters of biodiesel production from WCO 
The optimum operating parameters is typically targeted to reduce the cost of biodiesel production. Previous 
studies show that methanol is the most suitable alcohol and for base-catalyzed reaction, while 6:1 is the best ratio for 
transesterification reaction but to reduce cost 5:1 is the typical optimum ratio [9, 11]. Catalyst Concentration 
depends on nature of catalyst used: either homogenous or heterogeneous. The optimum stirrer speed is maintained in 
the range of 200-250 rpm to enhance rate of reaction. From recent researches [9, 11], the optimum operating 
parameters are shown in table 1. 
Table 1:   WCO and operating parameters for cost effective biodiesel production [9, 11] 
Oil Type Type of Alcohol Process Method Temp qC
Catalyst
Percentage
Alcohol to 
oil molar ratio
Speed
(rpm) Time Catalyst type
WCO Methanol Base-catalyzed SST 60qC 0.5% 5:1 200 1 h NaOH
2.3 Process details for FFR Diesel Plant  
Figure-2 shows the proposed flow of processes for production of biodiesel. This process could have two separate 
starting points. If FFA in vegetable oils is below 2.5%, the esterification step is not necessary [12, 13]. The 
transesterification process can be summarized by – (i) heating oil to 60oC, (ii) titrating the WCO (to determine how 
much NaOH to add), (iii) mixing the NaOH and methanol to make methoxide, (iv) mixing the methoxide with the 
WCO (transesterification), (v) draining glycerol and (vi) washing and drying biodiesel. The FFR under study 
produces 80 liters WCO/week, on the other hand it typically requires 150-200 liters of diesel of 4-5 hours load 
shedding per day, supporting a 180 kVA standby generator. The WCO at present needs to be properly dumped at a 
“Dumping Cost” of 25000 Tk/week as per information received from FFR maintenance manager. However 
removing the glycerin with sediments produced during processing biodiesel will introduce some “Disposal Cost”. 
3. Techno-economic model for biodiesel production in FFR Diesel generator plant 
(a)         (b) 
                                                                                           
                                                            
Fig. 2. Process flow for - (a) Biodiesel process [13]; (b) FFR Diesel Plant. 
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In the proposed techno-economic model, alcohol (methanol) and catalyst (NaOH) will be transferred from 
alcohol and catalyst tanks respectively to methanol mixture (as shown in figure-3) in order to mix them properly. 
The Sodium-methoxide mixture is then transferred to transesterification reactor by using pump 1. The oil from oil 
mixture with filtration is also transferred to transesterification reactor by using pump 2. After transesterification, 
biodiesel and glycerol are isolated by using separators. 
Fig. 3. Alkali-catalyzed treatment of pretreated WCO-process [10,14]. 
In separator-1, there would be three different layers, upper portion is biodiesel, middle portion is glycerol and 
the lower is NaOH. The excess NaOH is recovered before biodiesel and glycerol are transferred to two different 
columns. Then biodiesel and glycerol would be transferred to two different columns to recover methanol.  From 
methanol/biodiesel column, biodiesel is transferred to water washing column and from methanol/glycerol column, 
glycerol is transferred to glycerol tank. In the water washing column, biodiesel is transferred to biodiesel tank after 
separating using separator-2 and hot water from hot water tank is separated from biodiesel. The recovered methanol 
and NaOH are recycled to produce next batch of biodiesel. In this connection, an estimated installation cost of 
biodiesel plant is shown in table 2. Processing of the biodiesel and its use as diesel replacement can reduce the fuel 
cost as well as the cost involvement in dumping the waste cooking oil in an environment friendly way.  
Table 2. Estimated installation cost of techno-economic model for biodiesel production in FFR diesel generator plant 
Compo-
nents
Alcohol
&
Catalyst
tanks
Methanol 
Mixture 
Oil
Mixture 
Transest-
erification
Reactor
Separator 
1 & 2 
Methanol 
/Biodiesel
&
Methanol 
/glycerol
columns 
Water 
washing
column 
Glycerol 
&
Biodiesel
Storage
tanks
Pumps 
1 & 2 
Hot
water
tank
Total
Volume 
(Lts) 3 & 1 5 12 50 15& 12 12 & 3 25 5 & 12 
5 & 
10 1 171iters 
Price
(Tk) 2000 2500 5000 25000 10000 20000 15000 5000 15000 500 100,000 
Alcohol 
Tank
Catalyst 
Tank
Oil
Mixture 
Methanol 
Mixture 
Methanol 
Recovery 
Seperator-1
Methanol/
Glycol 
Column Glycol 
Tank
Bio
Diesel 
Seperator-2
Water 
Methanol/
Bio Diesel 
Column
Hot
Water 
Tank
Water
Washing 
Column
Trans
Esterification
Column
NaOH 
Recovery 
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4. Materials and Process Costing 
4.1 Cost of WCO and Reactants 
The cost of Methanol and NaOH vary greatly according to purchase quantities and location of purchase. From 
market survey, it is found that the cheapest chemicals that can be used are methanol and NaOH. In table 3, volume 
of methanol requirement in different methanol-to-oil molar ratio is based on the molecular weight (0.90-0.92 
kg/mole) of WCO. In order to minimize cost for processing the biodiesel, 5:1 methanol-to-oil molar ratio was 
selected for use (table 3). At 5:1 methanol-to-oil molar ratio, about 16 liters of methanol is required to react with 80 
liters of WCO with the help of 0.52 kg alkaline catalyst in order to blend biodiesel (B5) for the diesel engine. In 
table 4, the total material cost is the sum of the WCO, methanol (Tk 100/Lt) and NaOH (Tk 1100/kg) cost which can 
produce 70 liters of Biodiesel (B100). The price of Biodiesel produced (B100) is Tk 31/liter, whereas the diesel 
price is Tk 68/liter. Hence the price of the required Biodiesel (B5) becomes Tk 66/liter (table 4). 
Table 3.Volume and cost of Methanol with different methanol-to-oil Molar Ratio 
Methanol to Oil Molar Ratio Volume of WCO (Lt) Volume of  Methanol (Lt) Cost of Methanol (TK) 
3:1 1 0.121 12.1 
4:1 1 0.161 16.1 
5:1 1 0.202 20.2 
6:1 1 0.242 24.2 
Table 4. Total Materials cost for each Batch Biodiesel Production per week 
Cost of WCO (80 Lts) 
per Batch (70 Lts B100) 
Biodiesel Production 
(TK) 
Cost of Methanol 
(16 Lts) per Batch 
Production 
(TK) 
Cost of Alkaline 
Catalyst (0.52Kg) per 
Batch Production 
(TK) 
Total
Materials 
Cost
(TK) 
Biodiesel
(B100)  
Cost
(TK/L) 
Biodiesel
(B5)  
Cost
(TK/L) 
Free (0) 1600 572 2172 31 66 
4.2 Estimated Cost Calculation 
In the fast food restaurant (FFR) at Dhaka, the fuel consumption was reported to be 180-200 liters/day and the 
total diesel required was reported to be 3000 L/month. Using 320 liters WCO considering 87.5% yield of Biodiesel 
[12] could produce 280 liters of Biodiesel (B100) in the FFR in a month. The diesel saving can be up to 280 
L/month from the total diesel consumption of 3000 L/month.  
The additional monthly saving = (Diesel Cost Saving – Methanol and NaOH Cost + Methanol and NaOH 
Recoveries + Dumping Cost – Disposal Cost of Sediments – Processing Unit Cost)  
This is shown in table 5 excluding dumping cost and table 6 including dumping cost.  
Table 5. Additional monthly savings of cost excluding dumping cost 
Diesel
(280 L) 
Price (TK) 
Methanol and 
NaOH
Price(TK) 
Methanol and 
NaOH recoveries 
(TK) 
Disposal
Cost
(TK) 
Dumping 
Cost
(TK) 
Additional
Monthly Saving 
of Cost (TK) 
Additional Monthly Saving 
in percentages of diesel 
(3000 L @ TK 68/L) cost 
19040 8688 3000 5000 0 8000 4% 
      
Table 6. Additional monthly savings of cost including dumping cost 
Diesel
(280 L) 
Price
(TK) 
Methanol and 
NaOH Price 
(TK) 
Methanol and 
NaOH recoveries 
(TK) 
Disposal
Cost
(TK) 
Dumping 
Cost
(TK) 
Additional
Monthly Saving of 
Cost (TK) 
Additional Monthly Saving 
in percentages of diesel 
(3000 Lts @ TK 68/L) cost 
19040 8688 3000 5000 100000 108000 50% 
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4.3 Cost-Effectiveness
Processing cost is one of the major concerns in the biodiesel industry as the high cost always is a challenge for 
the commercialization of biodiesel. The raw materials cost which includes WCO, methanol, and alkaline catalysts 
are also put into considerations when selecting the most suitable method in producing the biodiesel. Besides, 
methanol and NaOH recoveries are also very important to reduce the overall biodiesel cost for production of 
biodiesel to run diesel engine in diesel generator in the FFR under this study. The WCO (80 L/Week) in this study 
would be collected from the FFR site without any cost. The retail price for methanol was found to be Tk 100/L. 
Based on the calculation stated in table 4, the methanol and NaOH consumption in 1 batch of biodiesel production is 
approximately 16 L and 0.52 Kg , which is equals to Tk 1600 and Tk 572 respectively without recycles of methanol 
and NaOH. As shown in the table 5 the additional monthly saving of diesel cost with 35-40% recycling of methanol 
and 80-90% of NaOH using Biodiesel is Tk 8000, which equals to 4% saving of total diesel cost. Hence the use of 
biodiesel from waste cooking oil does not impact the plant economics very significantly. However the additional 
monthly savings in this plant will be improved to 50% when the cost of dumping the WCO in an environment 
friendly way is added to the savings, as is shown in table 6. It is highly feasible from techno-economic perspective 
to make a model plant for diesel generator of the FFR concerned with up to 50% saving of possible diesel cost, 
although this largely depends on the dumping cost of WCO in an environmentally acceptable method. In this 
connection, some experiments [15] were also carried out in the heat engine laboratory to produce biodiesel from 
Palm oil. The palm oil was collected from market at retail price. It was found that the retail price of Biodiesel (B5) 
from palm oil becomes higher than diesel fuel. Since WCO is not so costly and it has far less impact on the food 
chain, biodiesel from WCO is much more promising. However the processing cost for biodiesel needs to be 
predominantly weighed against the true cost of dumping WCO, in an environment friendly way.
5. Parametric Study of Cost Effectiveness 
The overall profitability of the proposed scheme depends on a number of factors like – hours of load shedding, 
price of diesel fuel, price of chemicals used in processing, dumping costs of WCO and disposal cost of sediments. A 
parametric study was carried out to understand the sensitivity of the feasibility of the scheme. In this section the 
variations are studies with one parameter changing at a time, however a number of parameters may vary 
simultaneously in practice. 
Fig. 4. For Biodiesel (B5) (a) Saving Vs Load Shedding; (b) Saving Vs Diesel Price;
In figure 4(a), the load shedding in the FFR is about 3-5 hrs per day which is equals to 20% load shedding on 
average. At 20% load shedding, for Biodiesel (B5), additional monthly saving is about Tk 8000 i.e 4% of diesel cost 
that increases with the decreases of load shedding and vice versa. As per example, at 20% load shedding 320 L 
WCO convert to 280 L Biodiesel (B100) which can be used as B5. If the load shedding is increased to 30%, still the 
same amount of WCO available to produce Biodiesel (B100) limits its production. If more WCO is available, then it 
is possible to blend B10 rather than B5 which provides more saving in diesel cost, but in this case the additional 
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diesel is required to burn at 30% load shedding. So ultimately saving in total diesel cost is decreased with the 
increase of load shedding mainly due to more burning of diesel. In figure 4(b), the additional monthly saving 
increases with the increases of diesel price and vice versa in FFR. At present rate of diesel price (Tk 68/L), the 
additional monthly saving is about Tk 8000 which amounts to about 4% of diesel cost. 
Fig. 4. For Biodiesel (B5) -(c) Saving Vs Methanol Price; (d) Saving Vs Catalyst  Price;
                                                                                               
In figure 4(c), as the methanol price decreases the additional monthly savings of diesel plant increases rapidly. If 
methanol price increases from current 100Tk/L to 400 Tk/L, the whole process becomes totally unfeasible.  Whereas 
the additional monthly savings of FFR diesel plant decreases slowly with the increases of NaOH price in figure 4(d), 
the smaller mount of NaOH requirement make it less sensitive to its pricing.  
(e) Saving Vs Disposal Cost
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(f) Payback Period Vs Savings
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Fig. 4. For Biodiesel (B5) - (e) Saving Vs Disposal Cost; (f) Payback Period Vs Savings. 
The disposal cost for sediments decreases the additional monthly saving rapidly in figure 4(e). There is more 
possibility of loss in case methanol and disposal costs are higher. In figure 4(f), the payback period of FFR diesel 
plant with biodiesel process plant is about 1 year. It decreases with increase of additional monthly savings of FFR 
diesel plant. The installation price (figure 3 and table 2) of FFR Biodiesel model plant is estimated to be about Tk 
100,000. This would be recovered within 1 year, as the additional monthly savings of FFR diesel plant is Tk 8000 
without addition of dumping cost. If the dumping cost is associated to the additional monthly saving, the recovery 
rate is improved and payback period decreased significantly. If a dumping cost as high as Tk 10000/month is 
associated to the additional monthly saving, the recovery rate is much improved and it comes down to less than six 
month.  
(d) Saving Vs Catalyst Price
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Thus, this case study, from figures 4(a) to 4(e) reveals that the conversion of biodiesel (B5) is beneficial and the 
additional monthly saving is also improved while the load shedding is lower, diesel price is higher, methanol, 
NaOH, and sediment disposal cost are also lower. It can be noted that if any alternative of methanol having cheaper 
price is available in future, the additional monthly savings will be more.
6. Conclusion 
This case study investigates the technical feasibility and cost effectiveness of biodiesel production for a diesel 
plant of a Fast Food Restaurant in Dhaka using alkaline-based catalyst from waste cooking oil. The analysis carried 
out is based on the information supplied by the FFR management. The biodiesel could supplement the diesel use in 
generators of the same FFR at Dhaka during long hours of load shedding, resulting saving in fuel costs. The 
additional monthly saving could only be in the order of 4% of the fuel cost if there is no cost of dumping WCO in an 
environment friendly way, creating little impact on this plant economics. The price of the cheapest chemicals 
(methanol and NaOH) along their recovery units are important factors influencing the cost and feasibility. Higher 
diesel price and lower load shedding can increase the additional monthly savings up to 50% if dumping cost 
associated is high. The study reveals that even in the case of a FFR where WCO is available at almost no cost, the 
processing cost for biodiesel does not make it very feasible unless the cost associated with properly dumping the 
WCO is high enough. 
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